Abstract. Most information retrieval settings, such as web search, are typically precision-oriented, i.e. they focus on retrieving a small number of highly relevant documents. However, in specific domains, such as patent retrieval or law, recall becomes more relevant than precision: in these cases the goal is to find all relevant documents, requiring algorithms to be tuned more towards recall at the cost of precision. This raises important questions with respect to retrievability and search engine bias: depending on how the similarity between a query and documents is measured, certain documents may be more or less retrievable in certain systems, up to some documents not being retrievable at all within common threshold settings. Biases may be oriented towards popularity of documents (increasing weight of references), towards length of documents, favour the use of rare or common words; rely on structural information such as metadata or headings, etc. Existing accessibility measurement techniques are limited as they measure retrievability with respect to all possible queries. In this paper, we improve accessibility measurement by considering sets of relevant and irrelevant queries for each document. This simulates how recall oriented users create their queries when searching for relevant information. We evaluate retrievability scores using a corpus of patents from US Patent and Trademark Office.
Introduction
In several information retrieval applications such as web search, e-commerce, scientific literature, patent applications etc., growing emphasis is put on the measurement of accessibility and retrievability of documents given an underlying information retrieval system [1, 2] . In recent years measurement concepts like document "retrievability", "searchability" and "findability" emerged [1] . These concepts measure, how retrievable each individual document is in the retrieval system, i.e. how likely it is that a document can be found at all given a specific set of queries. Any retrieval system is inherently biased towards certain document characteristics. This results in the risk that a certain number of documents cannot be found in the top-n ranked results via any query terms that they would actually be relevant for, which ultimately decreases the usability of the retrieval system [10] . This is specifically critical in recall oriented application scenarios, such as patent retrieval, or legal settings. In these cases, the focus of a system is not so much on providing the best document to answer a specific information need (as e.g. in Web search settings), but to retrieve all documents that are relevant [9] . Thus, all documents should at least potentially be retrievable via correct query terms.
In recent years, emphasis is put on designing retrieval systems for recall oriented tasks such as patent or legal documents search [4, 9] . Before designing a new or using an existing retrieval system for recall oriented applications one needs to analyze the effects of the retrieval system bias as well as the overall retrievability of all documents in the collection using the retrieval function at hand.
In this paper, we take a closer look at document retrievability measurements particularly for patent retrieval applications. Section 2.1 and 2.2 introduce both the standard way of measuring retrievability as well as three novel, more finegrained measures for assessing retrievability. Section 2.3 explains how queries are constructed, forming the basis for the experiments reported in this paper. Section 3 presents the experiments performed on the dentistry category of the US Patent and Trademark Office database, with conclusions as well as an outlook on future work being provided in Section 4.
Measuring Retrievability

Standard Retrievability Measurement
Given a retrieval system RS and a collection of documents D, the concept of retrievability [1, 2] is to measure how much each and every document d ∈ D is retrievable in top-n rank results of all queries, if RS is presented with a large set of queries q ∈ Q. Defined in this way, the retrievability of a document is essentially a cumulative score that is proportional to the number of times the document can be retrieved within that cut-off c over the set Q. A retrieval system is called best retrievable, if each document d ∈ D has nearly the same retrievability score. More formally, retrievability r(d) of d ∈ D can be defined as follows.
Here, f (k dq , c) is a generalized utility/cost function, where k dq is the rank of d in the result set of query q, c denotes the maximum rank that a user is willing to proceed down the ranked list. The function f (k dq , c) returns a value of 1 if k dq ≤ c, and 0 otherwise.
The work of Leif et al. [1] is pioneering in this regard. In their experiments using collections of news and government web documents, they analyze document retrievability, differentiating between highly retrievable and less retrievable documents.
Limitations of Standard Retrievability Measure
In this paper we argue that analyzing document retrievability using a single retrievability measure [1, 2] has several limitations in terms of interpretability. For example, when using a single retrievability curve we cannot analyze accurately how large a gap exists between an optimal retrievable system and the current system; or what the effect of the query set is that is used for retrievability measurement. Other issues to be analyzed include whether highly retrievable documents are really highly retrievable, or whether they are simply more accessible from many irrelevant queries rather than from relevant queries.
Motivated by these limitations of existing retrievability measurement, the focus of our paper lies in understanding the following aspects: We identify four retrievability measurements rather than using just a single descriptor. These are -How retrievable is each document using all queries, as done in [1] -From how many relevant queries out of all queries each document is retrievable -From how many irrelevant queries out of all queries each document d ∈ D is retrievable, and -What is the total number of relevant queries for each document.
The last measure provides an upper bound for by how much we can increase the retrievability score of all documents. The one but last indicates where we can decrease the relevance score of highly retrievable documents and thus potentially increase the relevance score of the other documents. In [1] queries used for retrievability measurements were selected using a sampling approach [3] without considering what type of queries are relevant and irrelevant to individual documents. From our experiments we learned that there is a significant difference in retrievability if queries are selected randomly or considering relevant and irrelevant queries seperately.
Query Generation Techniques
Clearly, it is impractical to calculate the absolute r(d) scores because the set Q would be extremely large and require a significant amount of computation time as each query would have to be issued against the index for a given retrieval system. So, in order to perform the measurements in a practical way, a subset of all possible queries is commonly used that is sufficiently large and contains relatively probable queries. For generating reproducible and theoretically consistent queries, we try to reflect the way how patent examiners generate queries sets in patent invalidity search problems [5, 8] . In invalidity search, the examiners have to find out all existing patent specifications that describe the same invention for collecting claims to make a particular patent invalid. In this search process, the examiners extract relevant query terms from a new patent application, particularly from the Claim sections for creating query sets [6, 7] . We first extract all those frequent terms that are present in the Claim sections of each patent document and have a support greater than a certain threshold. Then, we combine the single frequent terms of each individual patent document into two and three terms combinations. After creating the query set, individual query terms of Q which appear in the claim section of a patent document d ∈ D are separated for representing its relevant queriesQ, and all those query terms which do not exist in the claim section of d are used for representing their irrelevant queries.
Retrievability Measurement Using Relevant Queries
For analyzing the above factors, in this paper we conduct our retrievability measurements considering relevant queries for each document. In our approach, a set of relevant queries q ∈Q for each document contains those terms or combinations of terms, that are considered most important for an individual document's accessibility. In our measurements, as a first step, we extract all possible relevant queries from the Claim sections of every document. The number of queries inQ, can be considered as an upper bound for the retrievability score. If any document exhibits a much lower retrievability value thanQ, then it is called less retrievable.
In step two, relevant queries of all documents are used for constructing a single query set Q. In step three, using query sets Q andQ retrievability measurements are computed for every document according to Equation 1. Document retrievability in set Q minus document retrievability in setQ, helps in determining the main cause behind low retrievability. It also identifies the list of queries, where we may be able to decrease the relevance of those documents which are wrongly listed in the top rank results set, for increasing the relevance of less retrievable documents. In short, rather than analyzing document retrievability from a single perspective we analyze retrievability using four factors. 
Experiments
Experiment Set-Up
For our experiments we use a collection of patents freely available from the US Patent and Trademark Office, downloaded from (http://www.uspto.gov/). We collected all patents that are listed under United States Patent Classification (USPC) class 433 (Dentistry Domain). For query generation we consider only the Claim section of every document as this is the section that most professional patent searchers use as their basis for query formulation. However, for retrieval we index the full text of all documents (Title, Abstract, Claim, Description). This reflects the default setting in a standard full-text retrieval engine. Some basic statistical properties of the data collection used are listed in Table1. Four standard IR models are used for evaluating the retrievability bias. These are tf-idf, the OKAPI retrieval function (BM25) [11] , the OKAPI field retrieval function (BM25F) [12] , and the exact match model. Before indexing, we remove stop words and apply stemming. For indexing and querying we use Apache LUCENE 1 IR toolkit. Each measurement graph depicts the four document retrievability indicators (cf. Section 2.4). (1) Document retrievability across all queries, (2) Document retrievability via relevant query set, (3) Document retrievability in irrelevant query set, and (4) Total number of relevant queries for each document in collection, correlating with the length of the respective Claim section.
In query generation approach we select all the single terms which are present in the Claim section of every document that have a term frequency greater than 2 minimum support threshold. There are a total of 9, 751 single term queries extracted from all documents in the collection, with an average 25 terms per patent document. For creating longer length queries, we expand all the single term queries with two and three terms combinations, again extracted from the Claim sections. For documents which contain large number of single frequent terms, the different co-occurring term combinations of size two and three can become very large. Therefore, for generating similar number of queries for every document, we put an upper bound of 200 queries generated for every patent document. On average there are 135 queries per each document in two terms combinations, and 150 queries in three terms combinations. For generating the complete query set Q we remove all duplicate queries which are present in multiple documents. After generating these query sets for retrievability measurement, these were subdivided into relevant and irrelevant query sets for each document, depending on whether the query terms originated from the respective document. Table 2 shows the main properties of these query sets. For all experiments, the cut-off factor c is set to the top-35 documents in the ranked list, following the experiment set-up in [1] . Figures 1 and 2 show retrievability measurements on different types of query sets for the four different retrieval models. Following the presentation in [1] , documents are sorted in ascending order in terms of overall retrievability. From all graphs it is clear, that there is a high difference in overall document retrievability scores between less and highly retrievable documents when using all queries (blue line / square symbols). This effect increases as the size of the query set Q increases, specifically with the two and three terms query expansion approaches. When using only the set of relevant queries per document (purple line / rhombus symbols), retrievability is almost constant, irrespective of document length or of the overall retrievability of documents across all queries. In most cases an overall high retrievability score is owed to high retrievability of documents via irrelevant queries (light blue line, triangular symbols). This means that most documents are frequently retrieved not because of high matches in the Claim section, as would be desired by patent retrieval experts, but via matches in other sections of the patent -at the cost of missing relevant matches in the Claim section for other documents. (Figures 1 and 2) . Due to the bias of the given retrieval models, highly retrievable documents are not really highly accessible on their relevant queries, but on the other side decrease the accessibility of other documents.
Retrievability Results
The measurements depicted in Figures 1 and 2 show, that there is sufficient space for improving retrievability of less retrievable documents based on the number of potentially relevant queries (green line / circular symbols), which is closer to the retrievability values on relevant queries for the highly retrievable documents on the right side of the graphs. When comparing different retrieval models, we see that the exact match model shows the worst performance on all query generation approaches. There are very few documents which are retrieved for almost all of their relevant queries (the optimal case). On the other hand, 22% of the documents cannot be retrieved by any of the queries they would be relevant for, result sets there being dominated by irrelevant documents in terms of query term presence in the Claim section. There is little difference between the BM25 and BM25F (which considers individual sections) retrieval models.
On almost all measurements they show comparable performance.
Conclusions
We use retrieval systems in order to access information. Therefore, it is important to measure how much different retrieval systems restrict us in accessing different information. Document Retrievability is a measurement, used for this purpose in order to analyze how much a given retrieval system makes individual documents in a collection easier to find ranked within top-n results. Existing document Retrievability (Findability) measurement techniques, which measure document accessibility with single factor analysis, are not suitable for understanding the complex aspects involved in documents retrievability. In this paper, we evaluate document retrievability by considering retrieval both for relevant and irrelevant query sets. Rather than taking random queries, we first model how expert users formulate their queries, identifying the Claim section as the relevant source of query terms. Extensive experiments reveal that 90% of documents which are highly retrievable considering all types of queries, are not highly retrievable on their relevant query sets. Furthermore, retrievability is rather constant across all documents when considering only relevant queries, as opposed to the rather large differences encountered when considering all potential queries. The number of relevant queries may also serve as a kind of upper bound of retrievability performance for every document. Further analysis is required to understand the effect of different query selection approaches and query expansion techniques as well as the characteristics hat make documents more or less retrievable under certain systems.
